• Describes inequalities in the availability of NHS dental practitioners between Scottish Health Boards.
INTRODUCTION
Access to dental health services has received much attention in the recent past both in the United Kingdom and internation ally.
1,2 Within Scotland, plans to improve access to dental serv ices are outlined in An action plan for improving oral health and modernising NHS dental services in Scotland. 3 The propos als include an increase in the number of dentists and dental care professionals in training and changes in the way in which A potential drawback of D/P ratios is that they may mask significant variation in the availability of specifi c dental serv ices such as NHS dental care. This is because they do not take into consideration part-time working, service productivity and the provision of private services. These factors are modelled in the recent workforce planning reports 10, 11 but the reports take a whole Scotland approach. The increasing devolution of plan ning to Health Boards means that local data are required. ISD Scotland provides information on the numbers of NHS dentists at a Health Board level, including whole time equivalent (WTE) values for dentists in the hospital, community and salaried general dental service (GDS) sectors. 12 However, there are no WTE data for non-salaried GDS dentists who form the major ity of dentists in most Health Boards. This creates a particular problem when measuring access to NHS primary dental care services at a Health Board level.
This study aims to address this deficit by providing informa tion on the availability of NHS dental practitioners and pri mary care dental practitioners in Scottish Health Boards using D/P ratios which are corrected for part time working, variation in service productivity and the provision of private services. 
METHOD

Study design
A postal questionnaire survey was conducted of all dentists registered with the General Dental Council in 2004 at an details of colleagues who had not received a copy.
Questionnaire
questions were made in advance of the main mailing.
Administration of questionnaire
maximise response rates. 13 address in Scotland. To ensure all dentists working in Scotland received a questionnaire, respondents were asked to provide
The survey method employed a self-complete 39 item questionnaire which was developed to answer the objectives of the study. The design of the questionnaire was informed by evidence from a recent systematic review of factors increasing response rates to postal questionnaires 13 and thus the questionnaire was kept as short as possible, the layout was clear and uncluttered and coloured ink was used. The questionnaire was piloted on a number of GDPs and reviewed by the Postgraduate Dental Dean for Scotland and consultants in dental public health both in Scotland and England to ensure that the questions were clear and unambiguous and that all the major issues had been examined. A small number of minor modifications to the wording of The questionnaire included questions on field of dentistry, characteristics of working pattern and demographic characteristics of the respondents. Other sections investigated accessibility and accommodation in relation to primary care services, recruitment and retention, and attitudes towards incentives to treat patients under NHS arrangements. This paper will report only the findings in relation to the proportion of dentists working within the NHS across Health Boards. The fi ndings relating to other aspects of the questionnaire are reported separately. 14 The survey was conducted in accordance with evidence to A copy of the questionnaire, a tionnaire was identifiable through a unique code.
Data entry and analysis
The coded responses were entered onto SPSS version 10.0. Data on working patterns were used to develop a model of the availability of whole time equivalent (WTE) NHS dental practitioners and WTE NHS primary dental care practitioners (including salaried and non-salaried GDS dentists and dentists working in the community dental service) within Scotland by Health Board area, taking into consideration population numbers.
Modelling WTE NHS D/P ratios
Firstly, the number of dentists providing NHS services in each Health Board (N NHS ) was estimated using the following calculation: N NHS = (n/r)N where n = number of dentists reporting that they provided NHS dental services for at least part of each week in the Health Board; r = total number of respondents in the Health Board; and N = number of dentists on GDC register in the Health Board.
This assumes that dentists who provided NHS services and those who did not were equally likely to respond to the survey.
Secondly, a WTE score for each dentist was calculated in order to adjust for part-time working and time spent providing dental services privately. The WTE value was calculated by estimating that a WTE dentist spends 42.5 hours per week on NHS services (including associated administrative tasks) for 46 weeks per year, a total of 1,955 hours per year. This is the WTE calculation used in the Primary care dental workforce review in England 8 and is used here for consistency. For each participant providing NHS dental services, the total number of hours he/she spent in delivering these services over the year was used to calculate his/her WTE score (WTE): WTE = (h × w)/1,955 where h = hours per week providing NHS services; and w = weeks per year providing NHS services.
Thirdly, the number of WTE NHS dentists in each Health Board was estimated using the mean WTE score for respond ents in each Health Board. This assumes that non-respond ents had the same working pattern as respondents within the Health Board. The WTE NHS D/P ratio in each Health Board (D/ P WTE ) was then calculated using population numbers for each Health Board: D/P WTE = (WTE mean × N NHS )/P where WTE mean = average WTE score for the Health Board; N NHS = estimated number of WTE dentists providing NHS services in the Health Board; and P = population of the Health Board.
The average salaried GDS practitioner provides approxi mately 40% of the treatments that the average non-salaried GDS dentist provides. 10 To account for this, the WTE score of each salaried dentist working in GDS was reduced to 40% of its original value. The mean WTE score for respondents in each Health Board was re-calculated and then used to determine the new WTE NHS D/P ratio in each Health Board as above.
The WTE NHS primary care D/P ratios were calculated using the same formulae. The number of respondents providing NHS primary dental care services in the Health Board was substi tuted for 'n' and the mean WTE values were calculated using WTE data for primary care dentists only. This assumes that the proportion of primary care dentists was the same in both the respondent and non-respondent groups within the Health Board. It also assumes that the working patterns of primary dental care respondents and non-respondents were the same within the Health Board.
Non-respondents
Using information from the Dentists Register 2004, compar isons of the year of qualification and the area of residence between respondents and non-respondents were carried out using the Mann-Whitney U test and the Chi-square test. The findings were used to indicate non-response bias. 
Ethical approval
RESULTS
Questionnaires were posted to a total of 2,852 dental practi tioners, of whom 2,833 were taken from the Dentists Register 2004 15 and 17 were identified by participants who returned their questionnaire and listed additional possible respond ents. Two thousand one hundred and thirty-four completed questionnaires (74.8%) were returned. A further 37 unopened questionnaires were returned (address not known/respondent died), giving a total response rate of 76.1%.
Description of the respondents
Respondents were asked about their current working prac tices. One thousand seven hundred and seventy-three dentists (83.0%) were providing NHS dental services for at least part of each week. Sixty-one dentists (2.9%) were practising dentistry on a private basis only. Data for the private dentists and the remaining respondents were excluded from the analysis and are not reported. 1. Includes GDS salaried and non-salaried dentists and dentists working for the community dental service 2. Data on working hours were not available for 75 participants.
Of the dentists providing NHS dental services for at least part WTE NHS D/P ratios were then calculated for each Health in Greater Glasgow, Lothian and Tayside.
Dentist to population ratios area 16
BRITISH DENTAL JOURNAL of each week, 1,032 (59.2%) were male and the mean age of the respondents was 41.33 years (SD = 10.35). The vast majority of dentists (1,358, 80.8%) had no speciality. Participants were asked to indicate the Health Board area within which they provided NHS services for most of each week. There were more dentists in Greater Glasgow (355, 20.0%) and Lothian (293, 16.5%) than in the other Health Boards. Participants were also asked to indicate the sector of dentistry within which they provided NHS services for most of each week. Non-salaried dentists working in general dental practice provided the majority of NHS dental services in all Health Boards with the exception of Orkney, Shetland and the Western Isles, where salaried GDS dentists employed by Health Boards and dentists working for the community dental service provided the majority of primary care dental services. Hospital dentists were concentrated Table 1 details the population numbers for each Health Board and the number of GDC registered dentists in each Health Board area. From these data the GDC D/P ratios were calculated. There were considerable differences between Health Boards; Greater Glasgow and Tayside had more than twice as many dentists as Dumfries & Galloway per 10,000 population. The D/P ratio for Scotland as a whole was 5.57 dentists per 10,000 population. This is slightly higher than the ratio of 5.21 dentists per 10,000 population for the United Kingdom. 17 In order to provide more accurate information on NHS D/P ratios in each Health Board, the number of dentists providing Board (Table 2) . For all the Health Boards, the WTE NHS D/P ratios were considerably lower than the GDC D/P ratios. The ratios were subsequently adjusted for the lower output of sal-NHS services for at least part of each week was estimated and adjusted to a WTE value using the formulae described above.
In order to ascertain the degree of non-response bias in the aried GDS dentists ( Table 2 ). The latter adjustment impacted most in areas where a large proportion of the respondents were salaried GDS practitioners, such as Orkney, Shetland and the Western Isles.
For the whole of Scotland, the WTE NHS D/P ratio was 3.53 dentists per 10,000 population. When the reduced output of salaried GDS dentists was taken into account, the ratio dropped slightly to 3.40 dentists per 10,000 population. Table 3 details the similar process of calculating the primary care WTE NHS D/P ratio for each Health Board. Figure 1 suggests that the ratios were relatively similar to those calculated for all WTE NHS dentists with the exception of Greater Glasgow and Tayside, reflecting the greater proportion of hospital dentists in those areas.
Irrespective of the method of calculation, Dumfries & Galloway and Grampian had the lowest, and Tayside and Greater Glasgow the highest D/P ratios (Fig. 1) . However, there were considerable discrepancies in the relative positions of the other Health Boards. For example, the Highland Health Board had a much lower WTE NHS primary care D/P ratio, and Lanarkshire a much higher WTE NHS primary care D/P ratio than was suggested by the GDC D/P ratio. The adjusted ratios for Health Boards in the middle of the hierarchy of access were more similar than the corresponding GDC D/P ratios.
Non-response bias
findings, a comparison of response rate by Health Board areas was made. Response rates ranged from 66% in Greater Glas gow to 91% in the Western Isles. The difference between the response rates by Health Board was signifi cant (Chi-Square = 107.33, p <0.0005). The difference in year of qualifi cation between respondents and non-respondents was also tested using the Mann-Whitney U Test. The non-respondents had been qualified for an average of 16.3 years compared with an average of 18.2 years for the respondents. This difference was significant (Mann-Whitney U = 621677.5, p <0.001).
The significant differences in response rates by Health Board and year of qualification between respondents and non respondents indicate that there may be some non-response bias in the fi ndings.
DISCUSSION
This study has shown how simple ratios of registered dentists to population size can be misleading when assessing the avail ability of specific dental services such as NHS dental care. Firstly, there is a general over-estimation of the availability of NHS services, reflecting part-time working, the provision of private services and the number of dentists on the register who are retired or taking a career break. 18, 19 Secondly, GDC D/P ratios may provide a misleading indication of the relative availability of NHS services between Health Boards. In this case, it appears that the adjusted ratios for Health Boards in the middle of the hierarchy of access were actually more similar than the corresponding GDC D/P ratios. It is interesting to note that the relative positions of the Health Boards at the ends of the hierarchy of access did not change after adjustment. Thus, tives (such as increasing workforce numbers, access grants and remote area allowances) and local commissioning, will improve access in the Health Boards with the lowest D/P ratios. The study suggests that the vast majority of GDS dentists provide at least some NHS dental care. This may make it easier for the Scottish Executive and Health Boards to try to increase the proportion of NHS care provided than in other areas of the UK where the proportion of wholly private practice is greater. 18 NHS provision has improved in some areas through the employment of more salaried GDS dentists. However, since the output of salaried GDS practitioners is lower than their non-salaried peers, it may be more efficient for Health Boards to use other available incen tives to encourage non-salaried GDS provision.
This paper describes a useful method for re-modelling D/P ratios to more accurately assess the availability of a specifi c service. However, there are a number of limitations which should be considered when interpreting the findings and apply ing the method in other research situations. The research was conducted at a time of widely publicised political debate on access to NHS services which may have affected the validity of the responses to questions about time spent on NHS and pri vate services. The high response rate for the survey is very sat isfactory 20 and improves the validity of the fi ndings. However, approximately 25% of dentists did not respond to the survey. During the modelling, it was assumed that non-respondents had the same working characteristics as respondents and this assumption may not be valid, particularly in Health Boards where the number of dentists was small. The analysis suggests that there may have been some non-response bias. Moreover, the re-modelling was most useful for assessing the relative availability of dental services in Health Boards located in the middle range of the hierarchy.
There were considerable differences in the availability of den tal services between Dumfries & Galloway and Grampian with the lowest D/P ratios, and Tayside and Greater Glasgow with the highest D/P ratios. The study was conducted before legislation was passed to allow Health Boards to take a more active role in providing primary care dental services. It remains to be seen whether the twin track approach of national policy and incen 3.6% of dentists failed to complete the section in the question naire on working hours, reducing the effective response rate.
Some dentists work in more than one fi eld of dentistry and/ or more than one Health Board. In anticipation of this, dentists were simply asked to indicate which field of dentistry and in which Health Board they were currently providing NHS serv ices for most of each week. A decision was taken by the research team not to investigate a respondent's second post because of the vastly increased length of the required questionnaire. Long questionnaires are shown to reduce response rates. 13 Fig. 1 Comparison between GDC dentist to population ratio, WTE dentist/population ratio (adjusted for lower output of salaried GDS dentists) and WTE primary care dentist to population ratio (adjusted for lower output of salaried GDS dentists) by Health Board WTE primary care dentist/pop ratio adjusted for lower output of salaried GDS dentists WTE dentist/pop ratio adjusted for lower output of salaried GDS dentists GDC dentist/pop ratio have resulted in errors in the primary care D/P ratios calcu lated. However, as only 2.7% of dentists combine hospital and primary care dentistry, 11 the error is likely to be small. It is not known how many dentists work in more than one Health Board. The modelling also did not adjust for members of the population who use dental services in a different Health Board to their area of residence.
The modelling included an adjustment for the lower produc tivity of salaried GDS dentists but did not adjust for other vari ations in productivity such as the lower output of more recently qualified and/or older dentists. 10 It also did not include the con tribution of dental hygienists and therapists, who make up 14% of the sum of dentists, hygienists and therapists in the UK. 21 D/P ratios are most meaningful when interpreted in the con text of oral health need and demand for services. 5 This study simply reported D/P ratios because there are no published data on demand for dental services at a regional level. Assessing oral health need at a Health Board level is also difficult. There are DMFT data for 5-year-old and 11-year-old children but no corre sponding regional oral health data for adults. Moreover, the D/P ratio is only one indicator of supply. A more valid assessment of access can be obtained by setting the D/P ratios alongside other indicators of supply such as the proportion of dentists reg istering new patients, waiting times for treatment and disabled access etc. These indicators are reported elsewhere. 14 Further investigation is required in order to provide a fuller picture of the availability of dental services. In particular, incorporating research consulting the Scottish population about their experiences of accessing dental care would be also be investigated.
